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ABSTRACT: β-amino triphenylenes can be accessed via palladium catalyzed amination of the corresponding triflate using benzo-
phenone imine. Transformation of amine 6 to benzoyl amide 18 is also straightforward and its wide mesophase range demonstrates 
that the new linkage supports columnar liquid crystal formation. Amine 6 also undergoes clean aerobic oxidation to give a new 
twinned structure linked through an electron-poor pyrazine ring. The new discotic liquid crystal motif contains donor and acceptor 
fragments, and is more oval in shape rather than disk-like. It forms a wide range columnar mesophase. Absorption spectra are strong 
and broad; emission is also broad and occurs with a Stokes shift of ca. 0.7 eV, indicative of charge-transfer character. 
Discotic liquid crystals have attracted considerable attention 
from both a theoretical and applications point of view.1 Two 
general classes of liquid crystal phase are formed from disc-
shaped molecules. Columnar phases are formed when the indi-
vidual molecules stack on top of each other and the lattice ar-
rangement of the resulting columns defines the sub-class of 
mesophase.2 Columnar phases are important because the stack-
ing arrangement provides pi-overlap in one direction only, lead-
ing to 1D conduction of charge and/or energy.3 Nematic 
phases,4 where the molecules retain orientational order only, are 
much rarer, but also find important applications, most notably 
as optical compensating films in LCDs.5 
Triphenylenes are the most widely studied discotic liquid crys-
tals, with substituted derivatives showing strong tendency to-
wards columnar mesophase formation. Indeed, synthesis ad-
vances have allowed a wide range of symmetrical and unsym-
metrically substituted derivatives to be prepared and qualitative 
structural parameters and boundaries have been defined for 
mesophase formation.6 Nematic behavior is observed for a 
small number of triphenylene derivatives when columnar pack-
ing is disfavored, for example, in rigid, twinned structures like 
2.7 
Twinning and linking triphenylene discogens provides a route 
for the introduction of functionality into a processable liquid 
crystalline matrix, and one example from our previous work is 
the triphenylene-perylene-triphenylene triad 3,8 where match-
ing of the core-core separation preserves columnar mesophase 
formation. In this triad the electronic nature of the triphenylene 
is also preserved, and identical to the ubiquitous hexaalkoxy tri-
phenylenes (1). 
Separately, significant synthesis effort has been deployed to 
modify the electronic character of the triphenylene core, i.e. 
switching from an electron rich (p-type) to an electron deficient 
(n-type) system. The most successful strategy to date has in-
volved replacement of one or more of the benzenoid fragments 
of triphenylene with pyrazine units,9 and examples of this ap-
proach include derivatives 4 and 5. The syntheses of these het-
eroaromatic cores typically involves multiple diketone-diamine 
condensations. 
As part of our work towards new diad, triad and twinned tri-
phenylene systems7,8 we targeted replacement of the standard 
ether linked systems (e.g. 3) with amides or imides, requiring 
access to discotic, all β-substituted monoaminopentaalkoxy tri-
phenylenes such as 6. 
  
 
 
Figure 1. Structures of the columnar and nematic 
mesophases, and mesogenic triphenylenes.  
 
Figure 2. Electron deficient azatriphenylenes. 
 
An obvious route to the amine 6 is by reduction of the corre-
sponding nitrotriphenylene 7. However, although bromination 
of pentaalkoxy triphenylene 8 occurs exclusively in the remain-
ing β-site, nitration gives only α-substitution10 regardless of the 
temperature at which the reaction is performed. Indeed dibro-
mination6 and dinitration11 of tetraalkoxytriphenylene 9 gives 
similar, surprising results (exclusive β-bromination and α-ni-
tration respectively), Scheme 1. 
An alternative approach was therefore required and we turned 
to palladium catalyzed amination.12 The reaction could be 
achieved via bromide 9 but for synthetic convenience we devel-
oped the synthesis via triflate 16 as shown in scheme 2, exploit-
ing the facile single-step synthesis of monohydroxytri-
phenylene 15.13 Consequently bishexyloxybenzene 14 was 
treated with FeCl3 (5 equiv.) to give 15 which was converted to 
the triflate 16 using Tf2O. Cross-coupling with benzophenone 
imine14 proceeded smoothly to give imine 17 which was imme-
diately hydrolysed by addition of 2M HCl to a THF solution, 
resulting in precipitation of the amine as its HCl salt (6.HCl). 
Addition of saturated NaHCO3, separation and extraction with 
DCM gave crude amine 6 which was rapidly purified by column 
chromatography. The isolated amine could be stored under ni-
trogen or used immediately. Efficient amide formation was 
demonstrated by treatment with benzoyl chloride in 
DCM/pyridine, smoothly yielding the expected amide 18.  
 
Scheme 1. The different regiochemical outcomes from bro-
mination and nitration of triphenylenes 8 and 11 (R = n-
hexyl).  
Scheme 2. The synthesis of triphenylene amine 6 and its con-
version to amide 18 (inset shows the polarizing optical mi-
croscopy image of 18 in the columnar hexagonal mesophase 
at 165 oC) 
Amide 18 displays a wide range columnar hexagonal 
mesophase. On cooling from the isotropic liquid the mesophase 
forms at 168 oC and persists until crystallization at 36 oC. The 
mesophase is characterized as columnar hexagonal based on its 
OR
OR
NH2
OR
RO
RO
6
OR
OR
NO2
OR
RO
RO
7
OR
OR
OR
RO
RO
Br2
OR
OR
Br
OR
RO
RO HNO3
OR
OR
OR
RO
RO
O2N
89 10
OR
OR
RO
RO
Br2
Br
OR
Br
OR
RO
RO HNO3
OR
OR
RO
RO
O2N
1112 13
O2N
OR
OR
OH
OR
RO
RO
15
RO
RO FeCl3 Tf2O
OR
OR
OTf
OR
RO
RO
14
16
Ph Ph
NH
Pd(OAc)2
OR
OR
N
OR
RO
RO
Ph
Ph
HCl
OR
OR
NH3Cl
OR
RO
RO
1) NaHCO3
2) PhCOCl
OR
OR
N
HOR
RO
RO
O
17
6.HCl
18
BINAP
Cs2CO3
THF
100 oC, 8h
pyridine
20 min
61% (from 16)
83%
 distinctive texture when observed by polarizing optical micros-
copy. However, it should be noted that slow cooling results in 
good (homeotropic) alignment of the sample. The triphenylene 
amides are therefore potentially very useful materials, and it is 
clear that this mode of amide linkage is compatible with pre-
serving (and indeed enhancing) mesophase stability.10 
The most interesting result, however, was obtained when the 
crude precursor amine 6 was left stirring in the open atmos-
phere. The solution became red/orange and fluorescent, and af-
ter stirring at room temperature for 1h a new product was ob-
served alongside unreacted amine. The new product was iso-
lated (chromatography) and characterized as 19 where a new 
pyrazine ring links the triphenylene units (Scheme 3). Oxidative 
coupling of aryl amines to give (benzo)pyrazine fragments are 
known, but typically employ strong oxidants such as superoxide 
or DDQ to achieve the transformation.15 Clearly the electron-
rich nature of the triphenylene amine 6 drives this clean oxida-
tive coupling using just air as oxidant. 
Scheme 3 Synthesis of pyrazine-linked twin 19 though aer-
obic oxidative coupling of amine 6. 
Fused triphenylene twin 19 is a deep red material, and it exhibits 
a broad absorption between 400-550 nm with an extinction co-
efficient of ca. 104 M-1 cm-1. Its emission spectrum is similarly 
broad with a Stokes shift of ca. 0.7 eV (Figure 3). The behavior 
is similar to that observed in related D-A-D systems containing 
pyrazine acceptor units16 and indicates charge transfer charac-
ter. DFT calculations, using Gaussian 09 program using the 
B3LYP functional and 6-31G** basis set,17 were performed on 
the twin (the octamethoxy analogue of 19 was used in calcula-
tions). The calculated HOMO and LUMO for the twin (Figure 
4) further illustrates the charge-transfer from donors (tri-
phenylene components) to acceptor (pyrazine) in the excited 
state. 
 
Figure 3. UV-vis absorption spectra of amine 6 and twin 
19 plus photoluminescence spectra of 19. The excitation was 
monitored at 614 nm and the emission was excited at 450 
nm; all in DCM solutions. 
 
 
Figure 4. Calculated HOMO (bottom) and LUMO (top) for 
twin 19 (methoxy substituents were used for the calcula-
tion). 
On heating, the isolated crystalline material melts into a liquid 
crystal phase at 123 oC, clearing to the isotropic liquid at 227 
oC. On cooling the mesophase develops a birefingent texture 
that unambiguously shows a columnar hexagonal phase is also 
formed by this oval-shaped twin (Figure 5). Significant super-
cooling is observed and the mesophase persists down to 50 oC, 
where partial recrystallization occurs. 
 
Figure 5 Mesophase texture of 19 in the columnar hexago-
nal phase at 220 oC. 
 
In summary, a straightforward sequence of steps allows synthe-
sis of β-amino triphenylenes via palladium catalyzed amination 
of the corresponding triflate using benzophenone imine. Trans-
formation of the amine to benzoyl amide 18 is also straightfor-
ward and the resultant derivative demonstrates that the new 
linkage supports columnar liquid crystal formation. Precursor 
amine 6, however, is unstable in air. A stirred solution smoothly 
 couples to give a new twinned structure linked through an elec-
tron-poor pyrazine ring. The new discotic liquid crystal motif is 
more oval in shape rather than disk-like, and it forms a wide 
range columnar mesophase. The twin has both donor (alkoxy-
triphenylene) and acceptor (pyrazine) character and it absorbs 
and emits strongly in the visible spectrum. Absorption and 
emission spectra are both broad, with emission occurring with 
a Stokes shift of ca. 0.7 eV, indicative of charge-transfer char-
acter. 
Supporting Information 
Experimental procedures and spectral data for products. This ma-
terial is available free of charge via the Internet at 
http://pubs.acs.org.  
AUTHOR INFORMATION 
Corresponding Authors 
* E-mail: zhqhe@bjtu.edu.cn; a.cammidge@uea.ac.uk.  
ACKNOWLEDGMENT  
WX thanks Beijing Jiaotong University for a visiting scholarship. 
We thank Dr Vasily Oganesyan for help with DFT calculations, the 
EPSRC Mass Spectrometry Service Centre at Swansea, U.K. for 
Mass Spectrometry and Chemical Analysis Centre at Peking for 
additional analyses. This work was funded by the NSFC 
(21174016, 11474017), RFDP (No. 20120009110031). 
REFERENCES 
1. (a) Kumar, S. In Chemistry of discotic liquid crystals: from 
monomers to polymers; CRC Press: Boca Raton, FL, 2011. 
(b) Sergeyev, S.; Pisula, W.; Geerts, Y. H. Chem. Soc. Rev. 
2007, 36, 1902-1929. (c) Kumar, S. Chem. Soc. Rev. 2006, 
35, 83-109. (d) Laschat, S.; Baro, A.; Steinke, N.; Giessel-
mann, F.; Hagele, C.; Scalia, G.; Judele, R.; Kapatsina, E.; 
Sauer, S.; Schreivogel, A.; Tosoni, M. Angew. Chem. Int. 
Ed. 2007, 46, 4832-4887. (e) Bushby, R. J.; Kawata, K. Liq. 
Cryst. 2011, 38, 1415-1426. 
2. Destrade, C.; Tinh, N. H.; Gasparoux, H.; Malthete, J.; 
Levelut, A. M. Mol. Cryst. Liq. Cryst. 1981. 71, 111-135. 
3. (a) Iino, H.; Hanna, J.; Bushby, R. J.; Movaghar, B.; Whit-
aker, B. J.; Cook, M. J. Appl. Phys. Lett. 2005, 87, 132102. 
(b) Shklyarevskiy, I. O.; Jonkheijm, P.; Stutzmann, N.; 
Wasserberg, D.; Wondergem, H. J.; Christianen, P. C. M.; 
Schenning, A.; de Leeuw, D. M.; Tomovic, Z.; Wu, J. S.; 
Müllen, K.; Maan, J.C. J. Am. Chem. Soc. 2005, 127, 
16233-16237. (c) Tracz, A.; Jezka, J. K.; Watson, M. D.; 
Pisula, W.; Müllen, K.; Pakula, T. J. Am. Chem. Soc. 2003, 
125, 1682-1683. (d) Pisula, W.; Tomovic, Z.; El Hamaoui, 
B.; Watson, M. D.; Pakula, T.; Müllen, K. Adv. Funct. Ma-
ter. 2005, 15, 893-904. (e) Bunk, O.; Nielsen, M. M.; Sol-
ling, T. I.; Van de Craats, A. M.; Stutzmann, N.; J. Am. 
Chem. Soc. 2003, 125, 2252-2258. 
4. Cammidge, A. N; Gopee, H. In Handbook of Liquid 
Crystals 2nd Ed..; Goodby, J. W.; Collings, P. J.; Kato, T.; 
Tschierske, C.; Gleeson, H. F.; Raynes, P., Eds.; Wiley-
VCH Verlag GmbH: Weinheim, 2014; Vol. 3, p p293-334. 
5. (a) Mori, H.; Itoh, Y.; Nishuira, Y.; Nakamura, T,; Shina-
gawa, Y. Jpn. J. Appl. Phys. 1997, 36, 143-147. (b) Kawata, 
K. Chem. Rec. 2002, 2, 59-80. 
6. (a) Cammidge A. N.; Gopee H.; J. Mater. Chem. 2001, 11, 
2773-2783. (b) Cammidge A. N. Phil. Trans. R. Soc. A. 
2006, 364, 2697-2708. (c) Cammidge A. N.; Chausson C.; 
Gopee  H.; Li J.; Hughes D. L. Chem. Commun. 2009, 7375-
7377. (d) Cammidge, A. N.; Bushby, R. J.  In Handbook of 
Liquid Crystals; Demus D.; Goodby J. W.; Gray, G. W.; 
Spiess, H–W.; Vill V., Eds.; Wiley-VCH: Weinheim, 1997; 
Vol. 2, pp693-748. 
7. (a) Zhang, L.; Gopee, H.; Hughes, D. L.; Cammidge, A. N. 
Chem. Commun. 2010, 46, 4255-4257. (b) Zhang, L.; 
Hughes, D. L.; Cammidge, A. N. J. Org. Chem. 2012, 77, 
4288-4297. 
8. Kong, X.; He, Z.; Zhang, Y.; Mu, L.; Liang, C.; Chen, B.; 
Jing, X.; Cammidge, A. N. Org. Lett. 2011, 13, 764-767. 
9. (a) Tsutumo, I-I.; Murakami, K-I.; Imai, Y.; Mataka, S. J. 
Org. Chem. 2006, 71, 5752-5760-4887. (b) Boden, N.; 
Bushby, R. J. Headdock, G.; Lozman, O.; Wood, A. Liq. 
Cryst. 2001, 28, 139-144. (c) Yeh, M-C.; Liao, S-C.; Chao, 
S-H.; Ong, C. W. Tetrahedron 2010, 66, 8888-8892. (d) 
Foster, E. J.; Jones, B. R.; Lavigueur, C.; Williams, V. E. J. 
Am. Chem. Soc. 2006, 128, 8569-8574. (e) Lavigueur, C.; 
Foster, E. J.; Williams, V. E. J. Am. Chem. Soc. 2008, 130, 
11791-11800. (f) Foster, E. J.; Lavigueur, C.; Ke, Y-C.; 
Williams, W. E. J. Mater. Chem. 2005, 15, 4062-4068. (g) 
Tsutumo, I-I.;  Amemori, S.; Okamura, C.; Yanaga, K.; Ku-
wahara, R.; Mataka, S.; Kamada, K. Tetrahedron 2013, 69, 
29-37. 
10. Boden, N.; Bushby, R. J.; Cammidge, A. N.; Headdock, G. 
J. Mater. Chem. 1995, 5, 2275-2281 
11. Cammidge, A. N.; Obi, G.; Turner, R. J.; Coles, S. J.; Tiz-
zard, G. J. Liq. Cryst. in press, DOI: 
10.1080/02678292.2014.992054. 
12. Surry, D. S.; Buchwald, S. L. Angew. Chem. Int. Ed. 2008¸ 
47, 6338-6361. 
13. (a) Kong, X.; He, Z.; Gopee, H.; Jing, X.; Cammidge, A. N. 
Tetrahedron Lett. 2011, 52, 77-79. (b) Xiao, W.; He, Z.; Xu, 
M.; Wu, N.; Kong, X.; Jing, X. Tetrahedron Lett. 2015, 56, 
700-705. 
14. (a) Wolfe, J. P.; Åhman, J.; Sadighi, J. P.; Singer, R. A.; 
Buchwald, S. L. Tetrahedron Lett. 1997, 38, 6367-6370. (b) 
Dutta, T.; Che, Y.; Zhong, H.; Laity, J. H.; Dusevich, V.; 
Murowchick, J. B.; Zang, L.; Peng, Z. RSC Adv. 2013, 3, 
6008-6015. 
15. (a) Crank, G.; Makin, M. I. H. Tetrahedron Lett. 1983, 24, 
3159-3160. (b) Ito, S.; Hiroto, S.; Lee, S.; Son, M.; Hisaki, 
I.; Yoshida, T.; Kim, D.; Kobayashi, N.; Shinokubo, H. J. 
Am. Chem. Soc. 2015, 137, 142-145. 
16. Lu, X.; Fan, S.; Wu, J.; Jia, X.; Wang, Z-S.; Zhou, G. J. 
Org. Chem. 2014, 79, 6480-6489 
17. Gaussian 09, Revision C.01, Frisch, M. J.; Trucks, G. W.; 
Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, 
J. R.; Scalmani, G.; Barone, V.; Mennucci, B.; Petersson, 
G. A.; Nakatsuji, H.; Caricato, M.; Li, X.; Hratchian, H. P.; 
Izmaylov, A. F.; Bloino, J.; Zheng, G.; Sonnenberg, J. L.; 
Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; 
Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; 
Vreven, T.; Montgomery, J. A., Jr.; Peralta, J. E.; Ogliaro, 
F.; Bearpark, M.; Heyd, J. J.; Brothers, E.; Kudin, K. N.; 
Staroverov, V. N.; Kobayashi, R.; Normand, J.; 
Raghavachari, K.; Rendell, A.; Burant, J. C.; Iyengar, S. S.; 
Tomasi, J.; Cossi, M.; Rega, N.; Millam, J. M.; Klene, M.; 
Knox, J. E.; Cross, J. B.; Bakken, V.; Adamo, C.; Jaramillo, 
J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. 
J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.; Martin, R. L.; 
Morokuma, K.; Zakrzewski, V. G.; Voth, G. A.; Salvador, 
P.; Dannenberg, J. J.; Dapprich, S.; Daniels, A. D.; Farkas, 
Ö.; Foresman, J. B.; Ortiz, J. V.; Cioslowski, J.; Fox, D. J. 
Gaussian, Inc., Wallingford CT, 2009. 
 
  
  
  
 
 
 
 
